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ABSTRACT 

R e p o r t s  were o b t a i n e d  from t h e  Gemini A r c h i v e s  t h a t  

p r e s e n t e d  t h e  r e s u l t s  o f  t h e r m a l  q u a l i f i c a t i o n  t e s t s  on t h e  

Gemini s p a c e c r a f t  and Gemini r a d i a t o r  t e s t s  conduc ted  by  

McDonnell A i l - c r a f t  C o r p o r a t i o n .  L i t t l e  c o r r e l a t i o n  was made 

i n  t h e  t h e r m a l  q u a l i f i c a t i o n  t e s t s  between t e s t  r e s u l t s  and 

t h e o r y  o t h e r  t h a n  t h a t  component t e m p e r a t u r e s  remained w i t h i n  

a c c e p t a b l e  l i m i t s .  C o r r e l a t i o n  between t e s t  r e s u l t s  and t h e o r y  

i n  t h e  r a d i a t o r  t e s t s  was p o o r .  Reasons f o r  t h e  poor  c o r r e l a -  

t i o n  are  heat  l eaks ,  i n a b i l i t y  t o  d u p l i c a t e  e x a c t l y  t h e  s o l a r  and 

s p a c e  envi ronment ,  and unaccounted- for  heat  s t o r a g e .  
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MEMORANDUM F O R  F I L E  

I N T R O D U C T I O N  

A l i t e r a t u r e  s e a r c h  o f  t h e  Gemini Arch ives  was conduc ted  
i n  o r d e r  t o  c o r r e l a t e  t h e r m a l  f l i g h t  t e s t  data  and thermal  vacuum 
t e s t  data  w i t h  p r e d i c t e d  r e s u l t s .  U n f o r t u n a t e l y ,  no thermal f l i g h t  
t e s t  data  c o u l d  b e  found i n  t h e  Gemini A r c h i v e s .  The sequence  and 
method of  t h e r m a l  q u a l i f i c a t i o n  t e s t s  conducted  b y  McDonnell a re  
shown i n  F i g u r e  1. S i n c e  t h e  computer p r e d i c t i o n s  were used  t o  
d e t e r m i n e  t h e  e x t e r n a l  heat f l u x  t o  b e  used  i n  t h e  thermal  q u a l i -  
f i c a t i o n  t e s t i n g ,  i t  i s  d i f f i c u l t  t o  compare t h e o r e t i c a l  and t e s t  
r e s u l t s .  The t h e r m a l  q u a l i f i c a t i o n  t e s t s  a r e  d i s c u s s e d  i n  t h e  
f o l l o w i n g  p a r a g r a p h s .  I n  a d d i t i o n ,  b o t h  t h e o r e t i c a l  and t e s t  
r e s u l t s  on t h e  Gemini r a d i a t o r  a r e  p r e s e n t e d .  

THERMAL QUALIFICATION TESTS 

Three  thermal  q u a l i f i c a t i o n  t e s t s  1-3 were conducted  
w i t h  a p r o d u c t i o n  Gemini s p a c e c r a f t  i n  a high-vacuum chamber w i t h  
a means of s i m u l a t e d  s o l a r  h e a t i n g  e f f e c t s  and t h e  h e a t  s i n k  cha r -  
a c t e r i s t i c s  of o u t e r  s p a c e  d u r i n g  t h e  p e r i o d  December 1 9 6 4  t o  
F e b r u a r y  1965. The t e s t s  de te rmined  t h e  t h e r m a l  e q u i l i b r i u m  c h a r -  
a c t e r i s i t c s  of t h e  Gemini s p a c e c r a f t  w h i l e  o p e r a t e d  i n  a s i m u l a t e d  
s p a c e  environment  and undergoing  minimum and maximum combina t ions  
of  i n t e r n a l  and e x t e r n a l  h e a t i n g  e f f e c t s .  A s c h e m a t i c  o f  t h e  
t e m p e r a t u r e  c o n t r o l  sys t em i s  shown i n  F i g u r e  2 .  

All t e s t s  were performed a t  a p r e s s u r e  l ess  t h a n  1 x lo-' 
t o r r .  
n i t r o g e n  sh roud  a t  a maximum t e m p e r a t u r e  o f  -280°F and h a v i n g  a 
t o t a l  e m i s s i v i t y  g r e a t e r  t h a n  . 9 .  
c o r r e s p o n d i n g  t o  t h r e e  o r b i t a l  f l i g h t  p a t h s :  B e t a  = 0° ,  2 60° .  
B e t a  i s  d e f i n e d  as t h e  g e o c e n t r i c  a n g l e  between t h e  sun  and v e h i c l e  
a t  noon o r b i t a l  p o s i t i o n .  
f lu ty  c y c l e s  c o r r e s p o n d i n g  t o  maximum and minimum a n t i c i p a t e d  
s y s t e m  a c t i v i t y .  
T h e r m a l  i n p u t  of t h e  crew was s i m u l a t e d  t o  co r re spond  t o  minimum 
and maximum a c t i v i t y  l e v e l s .  T e s t  c o n d i t i o n s  a r e  t a b u l a t e d  below: 

R a d i a t i o n  from t h e  s p a c e c r a f t  was abso rbed  b y  a l i q u i d  

S o l a r  s i m u l a t i o n  was p r o v i d e d  

Equipment was o p e r a t e d  on p r e d e t e r m i n e d  

The s p a c e c r a f t  was s t a t i o n a r y  d u r i n g  a l l  t e s t s .  
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Tes t  

I 

I1 

C o n d i t i o n  Equipment 
H e a t i n g  

A Minimum 

B Minimum 

C Minimum 

A Maximum 

B 

C r e w  A c t i v i t y  O r b i t  
L e v e l  

0 1 r e s t i n g /  B = O  
1 s l e e p i n g  

Maxim um 

Coolant  
Sys tem 

1 pump i n  
1 l o o p  

Maximum I I C  

1 r e s t i n g /  
1 s l e e p i n g  

B = 60 1 pump i n  
O 11 l o o p  

1 r e s t i n g /  
1 s l e e p i n g  

- 2- 

B =-60 1 pump i n  
O I1 l o o p  

2 working B = 60' 2 pumps i n  
1 l o o p  

I 

0 2 working B = O  

2 working  B = 60' 

0 2 working  B =-60 

2 working 

1 pump i n  e a c h  
o f  2 l o o p s  

o f  2 l o o p s  

of  2 l o o p s  

1 pump i n  e a c h  

1 pump i n  e a c h  

2 pumps i n  
I B = O 0  I 1 l o o p  

I11 

I I 

A Maximum 

B Maximum 

c 

2 working  

Maximum 

B =-60 2 pumps i n  
O 11 l o o p  

The e x t e r n a l  h e a t  f l u x  from s o l a r ,  e a r t h  a l b e d o ,  and 
e a r t h  e m i t t e d  r a d i a t i o n  was c a l c u l a t e d  by  means of a computer 
program d e s c r i b e d  i n  r e f e r e n c e  4 .  Heat f l u x  s e n s o r s  mon i to red  
t h e  incoming heat f l u x  a t  v a r i o u s  l o c a t i o n s  a l o n g  t h e  s p a c e c r a f t  
and t h e  e x t e r n a l  f l u x  was matched t o  t h a t  c a l c u l a t e d  b y  t h e  
computer program. Var ious  i n t e r n a l  h e a t i n g  c o n d i t i o n s  were t h e n  
used  d u r i n g  t h e  t e s t  and t e m p e r a t u r e s  were mon i to red  i n  v a r i o u s  
s y s t e m s  t o  d e t e r m i n e  i f  t h e y  exceeded  s p e c i f i e d  o p e r a t i n g  l i m i t s  
of  component p a r t s .  

G E M I N I  RADIATOR TEST RESULTS 

A p r e l i m i n a r y  summary of  Gemini r a d i a t o r  t e s t  r e s u l t s  
i s  p r e s e n t e d  i n  r e f e r e n c e  5 .  R a d i a t o r  c o o l a n t  i n l e t  and o u t l e t  
t e m p e r a t u r e s  f o r  two d i f f e r e n t  o r b i t  c o n d i t i o n s  are  shown i n  
F i g u r e s  3 - 5 .  A comparison between t e s t  r e s u l t s  and t h e o r e t i -  
c a l l y  p r e d i c t e d  r e s u l t s  are  shown. I n  g e n e r a l ,  agreement  between 
t e s t  r e s u l t s  and t h e o r y  i s  poor .  The adapter s e c t i o n  c o n t a i n i n g  
t h e  r a d i a t o r  i s  shown i n  F i g u r e  7 .  
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The f a c t o r s  a c c o r d i n g  t o  McDonnell, t h a t  may c a u s e  t h e  
d i s c r e p a n c i e s  i n  t h e  r e s u l t s  i n c l u d e  t h e  f o l l o w i n g :  

1. The e x t e r n a l  h e a t  i n p u t s  from t h e  s u n  and e a r t h  
s i m u l a t i o n  may be t o o  h i g h  b e c a u s e  of t h e  i n a b i l i t y  
of  t h e  t e s t  chamber t o  a c t u a l l y  s i m u l a t e  t h e  a b s o l u t e  
z e r o  s i n k  t e m p e r a t u r e  c o n d i t i o n s  o f  o u t e r  s p a c e .  T h i s  
can  c a u s e  h i g h e r  t h a n  p r e d i c t e d  t e m p e r a t u r e s  d u r i n g  
low l o a d  o p e r a t i o n .  

2 .  The a f t  c o v e r  h e a t  i n p u t  was d i s r e g a r d e d  i n  t h e  
computer  a n a l y s i s .  The  a f t  c o v e r  can  s e r v e  t o  
improve r a d i a t o r  per formance  a t  b o t h  ends  of  t h e  
s p a c e c r a f t  e l e c t r i c a l  l o a d  r a n g e .  I t  w i l l  t e n d  t o  
add h e a t  d u r i n g  low l o a d  o p e r a t i o n  t o  r a i s e  t h e  
r a d i a t o r  t e m p e r a t u r e  and improve equipment  p a s s i v e  
t e m p e r a t u r e  c o n t r o l .  Dur ing  h i g h  l o a d  o p e r a t i o n ,  
t h e  a f t  c o v e r  may even  h e l p  i n c r e a s e  t h e  l o a d  c a r r y -  
i n g  c a p a b i l i t y  o f  t h e  r a d i a t o r  b e c a u s e  hea t  a c t u a l l y  
f lows  o u t  th rough i t .  

3 .  There  may b e  unaccounted f o r  h e a t  s t o r a g e  i n  t h e  
i t e m s  which were assumed t o  b e  i s o l a t e d  from t h e  
r a d i a t o r .  These i t e m s  i n c l u d e  t h e  a d a p t e r  r i n g s ,  
t h e  hea t  s h i e l d ,  r e t r o - r o c k e t s ,  b l a s t  s h i e l d ,  and 
c o l d p l a t e  mounted a d a p t e r  equipment .  E x t r a  heat  
s t o r a g e  c a p a c i t y  would t e n d  t o  s t a b i l i z e  t h e  tem- 
p e r a t u r e  and even o u t  t h e  peaks and  v a l l e y s  of  t h e  
t e m p e r a t u r e  h i s t o r i e s .  

4. Heat l e a k s  may b e  p r e s e n t  w i t h  which t h e  a d a p t e r  
o x i d i z e r  l i n e s  and c o l d p l a t e  mounted equq-pment l o s e  
h e a t  t h r o u g h  s t r a y  c o n d u c t i o n  and d i r e c t  t h e r m a l  
r a d i a t i o n  t o  t h e  a d a p t e r  wal l s .  

The problem of  h e a t  l e a k s  was s t u d i e d .  A h e a t  l eak  c o u l d  
o c c u r  th rough  any o f  t h e  f o l l o w i n g  p a t h s :  

1. Conduct ion  th rough  t h e  module mounts.  

2 .  R a d i a t i o n  t o  t h e  plumbing and w i r i n g  and s u b s e q u e n t  
c o n d u c t i o n  through mount. 

3. Conduct ion  r a d i a l l y  th rough  t h e  heat  s h i e l d  t o  t h e  
edge r i n g  and a x i a l l y  a c r o s s  t h e  heat  s h i e l d  t o  t h e  
c o l d  chamber.  

4 .  R a d i a t i o n  back t o  t h e  a f t  c o v e r  i n t e r n a l  s u r f a c e  
and t h e n  t o  t h e  chamber c o l d  wall  f rom t h e  a f t  c o v e r  
e x t e r n a l  s u r f a c e .  
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E v a l u a t i o n  of t h e  v a r i o u s  p o s s i b l e  heat leaks b r o u g h t  o u t  t h e  
f o l l o w i n g  r e s u l t s :  

1. While  conduct ion  t h r o u g h  t h e  module mounts d e f i n i t e l y  
c o n t r i b u t e d  t o  t h e  problem, t h e  magni tude  of  t h i s  
heat  loss i s  not  s u f f i c i e n t  t o  a c c o u n t  f o r  t h e  t o t a l  
heat  l eak .  

2 .  R a d i a t i o n  t o  t h e  plumbing and w i r i n g  and  s u b s e q u e n t  
c o n d u c t i o n  t o  t h e  c o l d  wa l l  c o u l d  n o t  b e  t h e  ma jo r  
l o s s .  Otherwise  a s i g n i f i c a n t  i n c r e a s e  i n  b u l k  
equipment t e m p e r a t u r e  would have o c c u r r e d  b y  t h e  
a d d i t i o n  of t h e  r a d i a t i o n  s h i e l d  o v e r  more t h a n  
50% o f  t h e s e  a r e a s .  

3.  Conduct ion l o s s e s  f rom t h e  h e a t  s h i e l d  must b e  one 
of  t h e  major  l e a k s  because  t h e  hea t  s h i e l d  i s  one of  
t h e  c o l d e r  p i e c e s  of  equipment i n  t h e  r e t r o  s e c t i o n .  

4 .  R a d i a n t  losses  back  t h r o u g h  t h e  a f t  cove r  were 
d e f i n i t e l y  one of t h e  ma jo r  l o s s e s  s i n c e  i t  was 
d e t e r m i n e d  t h a t  t h e  e x t e r n a l  e m i s s i v i t y  of t h e  
s i m u l a t e d  a f t  cove r  was of t h e  o r d e r  of  . 2 1  t o  .25 
i n s t e a d  of  b e l o w  .1 as i n i t i a l l y  es t imated .  

Based on q u a l i t a t i v e  a n a l y s i s  of  t h e  r a d i a t o r  t e s t  r e s u l t s ,  
t h e  f o l l o w i n g  c o n c l u s i o n s  were made: 

1. The r a d i a t o r  per formance  was s l i g h t l y  b e t t e r  t h a n  
e x p e c t e d .  

2 .  The t e m p e r a t u r e  c o n t r o l  sys t em was i n a d e q u a t e  f o r  
l o n g  m i s s i o n s  a t  low e l e c t r i c a l  l o a d s .  

The  p o t e n t i a l  f r e e z i n g  problem a r e a s  were:  

1. Water l i n e s .  

2 .  O x i d i z e r  l i n e s  and v a l v e s .  

3 .  Water t a n k s .  

4 .  O x i d i z e r  t a n k s .  

1022-JG-ms 
A t t .  

2. J .  % G i l l e s p i e  
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FIGURE 7 ADAPTER STRUCTURE 
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